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MT-THODS OF MAKING MULTI-TIER LAMINATE 
SUlSS^TCS TOR ELECTOONIC DEVICE PACKAGING 



The present invention relates to packaging for semiconductor devices, 
particularly to multi-tier electronic device packages, more particularly to multi- 
tier laminate substrates for integrated circuit packaging. 

5 ^arkPround <;}{ thf Invention 

In the fabrication of semiconductor devices there is an on-going need to 
reduce packaging costs and improve the electrical and thermal performance of 
the packages. Package sizing is also important, especially the profile or height, 
of the package, when mounted to a printed wiring board or printed circuit 

10 board. Complicating the situation is the increasing complexity of electronic 

components such as integrated circuits which require a high pin count package, 
to electrically oormect.the devke io a- user^^^s^^^ 

• Ei^tronic circuits fbrtomplex systems such as digital computers-: . 
-ty^iqallyl^e comprised of a muWp)icity'^f interconnected inte^r^ cinuiit ; 
■ 15 'chips. tW integrated circuit chiSye rtide from a semicon;iui^ material ■ 
" ■■ ■ '^ih as silicon or gailium «ser&Jand Pcroscop^^ circuits are^ed on the 

'5surfa<^ of the chips ^y pyaii^^ ' 
,,irm of cLtructipn, the integrat«icirduit chips are mounted in r^^^ . 
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' ' ceramic packages /'and the' ce on a printed wiring 

-board or printeb'^d the'cebinic pa^ckages are ca- 

' finil ceramic packages ihat-M' Tc^rih by Civerlaying multiple liayers of ceramic 
in tiieix green state aHci 'theh siitiu^ die layers ^to fonn a 

5"^' mohdiithic Ikidy. 'fhe cerajnic paciiges liave" numerous external pins which are 
mecharacally atia£hed- by 'solder: br scck^^^ conductor patxms printed on a 

: ' Ek;h^deramic packag cavity feceivi^^ig ah inUgrated circuit 

chip, and a set of conductors called leads connecdng dic'^exte.niii pihs to tHe 
10 integrated circuit chip. Typically the leads are provided by a thick film 
; ■ / J (inductor patt^iif'dei^ The conductor 

l^ttfiliTi ihciiides I 'humber of b<)r^^^^ spriCed'afouad'^thi -central cavity of 

* i!tvt^0[Mge.' ^^v'h&an'inteferatied cifc^^^ the 
;o -j^nding Wibi rnetaliiration layers 

^j^i- u (i/i tHe'surface 6f tlic Imighi^fcd cii^iuU of .the package 

- . >} ) ■ t >i \ ^'af'i^ 'Connected 'tc'-u\ Ure cihip by^ti-iinvfiexible^ segments of 

' bbiidiiig'Avire'^^ bciVddc'by thcrmocompressioa or 

' ■ themio^nic' obniiiug to^th(^*bondin| aresLifand^^pads:- v.^. ; .^:..n - 

; wj'^; v.; -v^itjfptbS^'ibi'' sjSeedi^ moving •iHfpugh lX)0«MHz ancfcjcontifjually..-' 
:''"^2tf" ' 'upward;' bie' r^il dielwtric" constant of alumina 'ceramicj used in 

deitufiic pacicages is becoming idifficait to-deal with in lerms- of semiconductor 
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rpaekaging. Lifcewisei^*e-reil?^y,ely:high,jesi^^^^ tungsten conductor of 

. -. . the ceramic, substrate causes, signiS.e?nt ^^sjgn.ptolplems., ^l^tip. integrated 
i . circuit packages have.evplv^ as,a,gfi)st-effective replacement for ceramic 
packages. Modem ^mi^ia^Jb(^in«?''ded packages offer electt}pal,,:thermal 
, : -5.: , vand design perfonnance..tf)at ?n^yi.es and^pften times .qxceeds . that of ceramic 
i paokages-at a lower lejOSJ-o^Eljectsic^Uy, .4amina,teiSul),sti3tes have a clear 

advantage over co-fire ceramic with both lower isas^ficC jVvinog an4 lower 
dielectric constant. Essentially, electrical designs can be implemented in less 
Ly than.haif thfi volumo (and half-th? nupihe?- ©f^layer^) as an equivalent ceramic 
i l© >; , based; 49sjgnv;i . ^.-li: 'ji:r.<x. '-i l^.il.. " zic;j:.ii.r /!•>-. k: i j..!> ■ 

J!;!/! ■-.;.'!! t io!>r.Oiq •/sr. ;.ii.C3) .'.h ,;li.f.''' -q',;" .■j.''". i> 0., 

. ...,r ..innate bised-p,au:kage5,offer.d.eMgitvfl^^ 
0 ^ ^ design -andhfmal package conftgi»ratjpnjthatusijii)tiurp^ssedJ?y ^j^.p^er 
xii . ./tpa<±aging techB0togy. - Thfci^ty5p,-vse the rSubstEB^e as |?e^a?is ,9f the 

• .. .Kpatkage.rinLYiTtually any fpnn^f^tpri jRcnsases. thqQottefJectiyen*^^ of the 
t..:i5H ',:iteehnotogx;niTnieiibiUty to fit.$i lMVi»kt»-subJ?ratiSi ip^p y^^tualfeaoy, enclosure 
u : -..allpws. for arty 'level .6fenvii»n.nien^,pro^^^ nec^sary,., Along with high 

..electrical peribrmarjce ail*higl» 4eo*tyi>BiriM 
packages have thenTJ3l,.e?fp9nsipn;sharac^^.cs^,^,jTiatclj-,thos^^^^^ printed 
circuit boards very closely. This thermal expansion match is important for 
20.":.. .preventing thfermsilly indupsd sttpss -Uiat. caii, qujpkly fatiftife solder joints and 
.. ,, .stress bothotho p^ickage andxthe board, ,i:hwe is. a^confinuing nee^, for a cost- 
;. ' <:.■ ..-effective;: improved, method fpr^producing laminate, based packag,?s. 
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. ^' - 'T\\t preseht inventior,>is ainovel;Pra??ss for fcqning electronic device 
- ^-^packag^"^ based on laminate;^ubstrates,:>ysuig a s^^^^ as the_ basis for 
molded packages has resulted in very high wiring densities and fine geometries 

'5 ■ ' in the die ca'=,ity:';The pjx>cess also producers ^ubsarates suitable for multiple tier 

■ ' ' bonding' iri-plasdc: packages) and-, in ;p;|^^^ 

^ ^'^^ ' ' Iil^accordarxe with^one embodinem of^ihe.pTe$?!^nu a method 

Ms provider- whereini arspaging layerus . used Xp^Pl9}f^}r^%^J^^, :f -"2®" ^ 
^^^^^'^■b ^circuif'ona iov^^cr layervGfthe^ substrate .when a. ^ to cyt an 

^ "l^y ■'^^^peniflg^above aidie cavity . . 

■^iv.Xi^t \o r; in accordance.;^^^^^ of pr^>^Li"f^®"^°'^» ^ 

•• clearance an>ix*roatedii^^ 
^ - prior tb^aminatiohi'iAfteriamin^^ P^^ 

^-=^ '^*- "the clearance :ringaoiCut!a!)ppismng.abo^5^ without 
ly i5^^:>;-(iamaging^xi ^circuit: or a lower 4ayer>;yith -the ^mijlin^ 

I ni^K.;: n;j jj^.n .i^^ accbrdance^wth yet^anothey-^efi^imem ordTe^.^!iw^ntion, a method 
^=1-0.:;. 'IVproVided^ fbr^hapmgi ^o^^Qr low flow prep^g with a 

' 'milling bi^by^asing a^emQyablft:film mtq^x^se^ b^^ that are desired 

to be separated after shaping..; T3j?.ffU;tt.asi5bls iff^P«v^!J??"g, .the .milling bit 
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from becommg-Mbggfeii.^ithahe prfipt^ as the prepreg heats up due to contact 
with the rotating bit and in reducing the roughness of the edge of the prepreg 
■ ' ' whfeW the fAi bit has dohtaetfed iher.prepreg.i.ln ^ditiqn, the film prevents 
the prepre^^ li^rs from itickirtfe together..when it is desired, to separate them. 
.: '. n.-i -sci:' 'C-.i • (.:■.' fi^jl .«, ' . ' ;-5. ... , .-i. , 

'5 " ' ih'acclffdaitcfe wifli'anothir- eMbodiTOenrof ,th©,iBv^ntiqn. .there is 
provided- 'a^itifethoa' for htiddnglirtiite^aiff larhinate, subst^?^eSr.fpr„c^ectronic 
device packaging comprising the steps of providing a first laminating layer 
.,.r-m ., '-.^j;r^>v^ ^p^-^.roj^i'atfirst^sid^.artdia ^«coiid4aminating.l*^^^ having a trace on a 
- ' •-a'-iiril'^^«;'teifigVfirS¥'Wiftadv*';4h .Wsp^ lamiaating layer,. .njaking a second 
W ' ' i^Ad6^*c§f^fe^ipon'dfn^*^td^th'&-fi^^^ i 
making a third window ^cbrt^sporiUifig t6^the fitst windo>Y:in-at,least ^ne layer 
of dielectric, laminating together the first laminating layer, the second 
■• - 'I'^iMHg layef. 'thJi'^icit^^ 
' " 'p°r<a&et'iaihmkt£iF'siibsbSte',"Wherti <^fiibe.di§l^tnc is located . 

01. V : J^^f jji^ ^i^5?riainMtaig'lky6f'bkl;-6n«Player.^^ ^^^"^ 
the trace^irt tli^- firsBiae-'6f thB ?se6ond laminating,l3yer.and,a,?econd; side of 
the spacer laminating layer, making vias through the laminated substrate. 
..I:.. . '^■'^[■^■:^^f^^/^mi,i^m .i«cond:Si«te..l»/^e first laminating layer 
' ^W" ^'Mm-^^'of the^^stedhdaafAinaUng layer.;m.ald^gaTirst opening in the 
" ' ^ fi^^l^iSk laye^=-rtesPonclingno.the second- >vindov.,a,d treating exposed 
""iurfacei of We i^^^ -^^ 
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In accordance with another embodiment of this invention., there is 
provided a method for making multi-tier laminate substrates for electronic 
...dwce packaging comprising^ thc^sieps of providing a first laminating layer 
having a trace on a first side and a second laminating layer having a trace on a 
first side, making an annular depression in the first side of the first laminating. 
, layer, making a jftnt Nyin^^^^ annular, depression in at least 

one layer of dielectric, laminating together the fint laminating layer, the^ second 
laminating layer, and the layer of dielectric to produce a laminated substrate, 
.whepinjthe.layer^ dielecoapjs 1^ ^ce,,on the first side of 

. the fim lsumnadng layer cuid^. trace, on the first side of the second laminatine 
layer, making vias through thejaminated the yias, producing 

traces on a second side of the first laminating layer and a second side of the 
s©(»Qda2MTiina^^^ making, ^ first ^^^^ in the first .laminating layer 

cprrpsponding tQ.the^2mnular:d^i^^^ of the 

laminating layers. 



;.r vril^/^Sf^'li^^^v-^Wi a^^^ the invention, there is 

provided 5 method; jfor.sha^ flow prepreg comprising routing 

at least two panels of no-flow or low flow prepreg with a film interposed 
.^bfttw'^n.^e p5nelS;c,v^herejn ihpjfi prevcjiting;^,r;ough edges on the 

^panels CTcat^ fby a^^its in pre^^^ ^om sticking together,^ and in 

prey^^nting. the bitfrorajCjpgging v^iih ;the prepreg.. . . ^ . , 
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Definitions: 



CHfi*' or DIE - a chip^ bF'ifenni^oridiiCting material including an integrated 



circuit. 



" " ' '''^^ ' ''pXd - i metkliizati^'area gtacecl'l^ tHe^^Klp^k edge to which external 
5 wires arc bonded. 

: ft ..r^j >^o]sni> FINGERS ^ a rnetallizatf6rt pl^<i^'ftear die ^Igfe of a trace 
■ ^^fii'^vhick'th^ fif tfie'ext^i^kl'^ffes art^ti^^^ el^trical 

' '^^ ' c6hh«:tidn betwe^h^^^^^^ " / ^ 

10 "" 'eleciriMi ccmneS'fe^een Srid a via, a via and 

a solder pad, a via and an electrical connector, etc.*^^ 

' VfA - Vvei^ki'meul^ an electrical 

'■' ■'■ ■ ''i" PREtoc or Sf >^Ai{b*ll6W-ttefefee5 -^I'fberglassfW other 
' 15'' '''fobric whicS ii4s 'bc^'^iiSuiiitea '-gJith'-iiSiyfcer' reliK W-'t»rtisfliy' cured (or B- 

staged). Typically haN^iHg'i>5%' to •45*-tesin"ft(bW*as' deftrfed'by- MIL-P-13949F 

and a gel time of about 100 to 120 seconds. 
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' ' NO-FLOW PREPP^SGifOTlLOyv^iELOW PRBPREG - prepreg having 1% 
■'td 4%-resiii flow as defined by:^MLV:P~13949F ar/J usually no gel time. The 
terms "no-flow" and "low flow" piepreg are used throughout the specification 
and claims either together or alone but it should be understood that they refer to 
' 5 esseniiaily the same materal depending; en whether, the- prepreg has 1% resin 
flow upHo 4%^^*^^ flow':: 'y<:-o. ^v/'- -ijo'l .r. ^ " 

: xh^ resirrflow percentage; is determined using .the; test specified in MIL- 
■ ■ P-13949F. -^3ias cut 4 ylys^of prepreg.4:.± 0,.;01vinchf^^^ Desiccate 
" any moisture -thM-has:^^ccri= £bsorbr^^^ prepreg-. ,r I?etennine weight within 

^ 10^^^ To.bOS -grams A ^'S^^k* all- lof-^the .'sqi^er^ -the-g^njipf the cl^th aligned in the 
r.^'JiJ :s..,. :safne-direclioiriv and'-.plactt; betwecro-ev/c l/S^in^b. th:cl:;-steel;Caii.l plates • 
r; [; >o inaintained at^ iTwSmi te^^ ^ P^" 

n . V r ^Ti^t; i£ :2vS*^© (340^E:± lii^h^nd ^mmt^diatelyv apply ?0C).± 25 pounds per 
o i .bw(^uiJt;^incl^-fbr ii-minimum^ from the 

- l^'-' -press^arid <^ ^-^^^ ^ ^'^^^ 

•ihches'iii ili'imi5tsrlfr6m^the;cen?xr:iOf:fc^ section shall 

- be Weighed'tb tlie nearest 50.005-graniS:.?^^^^ the,. restilt^ recorded. The percent 
^- ■ =*'T£sm^^low>-ii:^Kbeiaetermm^^ .: 



i2esij7 fiov {percent) =-^-r? ^ ^ 10° 
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Wc ^ Weight 6rcenti^ cut-<)ut after heati and pressure 
i'- ■ ireatm^ntij "v--^>i; /o' z /v.^' 

•! i yi /: ' < I The feel- time is fdeteFmined u&injg the lest sp^ified in;MIL-P-l3949F. 

5 Extract dry resin from prepreg (B-stage) byt folding; or, pnishing.! Allow B-stage 
resin to fall onto a smooth clean sheet of polyester film such as Mylar or 
A : ; i ; equivalent. iFour ' collected resin throagh ^number 60 mesh wire sieve onto 

vi r[ . anodhef^sh^e^of filAi. Carefully weighv 2^0 ±/l& milligrams of the resin onto a 
•'^ ■ ' * ' ■ 3 irii5h;by''3 inch sheet'ofvcle^swax'edr^ 

' ' - IG"^ "(piateh; hotTpatei -^sr^^rt^ onr,the ^ 

' ' sWace. M^e siire that aiJ resm^Tesiaue.from'.anycprw^^ has been 

J. . . . 1 scraiJed- frdhi ^Ihe^rfece of ^the cure plate. : Lubricate) the; s^Tface of the cure 
' ^ ' ^te with liiohtafr SvaxKt3^ btshef ^sultabla Mold; relea^^ agent)/ Wipe surface , 
' ' clian^'- frbe of '^ible mald ^fel^ Pour the 

- 15 ' 200 milBgi&n simple D^^resm oiT.^e;centerc^^ the^9il^e^;pla^e, Star^a stop 
'L'^f. .) ->:!^atch4mmeaiaffiiy.rPl^e; the tapered.' end^^o toothpick against the 

■* ^ ' siiifaci of tiie-^ciitd plate ^(end.of tbothpick-notrin ^^ntact >^ith surface of cure 
plate will Hivfe to ^'e^levated^5lighdy): ^Rcil t 

maintaining contact with surface of cure plate until 20 seconds have elapsed. 
20 At this.time start stroking the resin immediately, using a circular motion 3/8 
inch to 1/2 inch in diameter. Stroke in such a manner that every circle moves 
part of the resin from center of the pool to the outside, and part of the resin 
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from the .outside; of: jthe ppcHi^^^ be taken to limit 

. : the:popl siM to .an area ir^ch^toJ/Saneh. ia.diweter. the toothpick in 

i ]' contact^with;resin aryds surface: of ^;c^ at all^nies. As the resin 

. V,-- 

;. . beccme^stiff ■ it w;U not; be possible. to c^n dnue fxchan^^ with 
5 inside resin, but continue stroking with as much exchang^^ as. possible without 
breaking the toothpick. If resin breaks up, continue stroking the largest piece. 
^ : Iff this :piw:.brea5i^^ P^®^ of 

portion^even thpu^jhj.novk^ia lar?;er piecei.o ori|inal po^^, may b^ present at 
- ^me other^place on the hot j)l?ie;. ^ When; tlie^sm f)iepes separa from the 
nlO :; -ihet pjatev Stop the. vyatch 

the gel time. - . ;. 

CORE- r'jaxe^s: Pr.sh»et5.:of- st^ flow prepreg stacked and pressed or 
: : - :;; : . :iarninatediingp.thcr,,ta,^ ia.po^,.W:«h,d|esij^ thiclmess.^^ , A core may have 
. ;^^^copper fbiifp!V#^e,cmgi^^ ^^y^^ 
15 h:;:hdescRption;2ui4rClaim ^ubstrate. 

DIELECTRIC - an adhesive layer made from no-flow or low flow 
. ir. ^prepreg mmrcoated i^vith %?t4ge(tadhesi>^ or Mos^pported B-staged fllm. 
^ I ;;rUjrisupF»3rM=3bsugQd:inimis ^^"^ 
that carries the adhesive resin. 
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MILl''bR^-'MILLlN& -^^ciducfe 1 fuh-oW'in' the surface of a layer of 
substrate or cut 'iKrough' aHiy^**'(or'cbi'fe) Wilh & miUing bit-i' being-concerned 
' ■■' wiih the xryV 'aA'd z settings ahtini'ibVeinentS'Xjf the billing bit^ On© of ordinary 
' • " sloli in tfie airt wiii rec'6iHi£e that'riiMihg riferis tb eutting ^oi^shaping with depth 

'•'^5'" 'br z fcoi?trOir ■ -i-'' -' ^r;.r -v ..nn.-,- ,,.d : : . 

i' 'r\' j r. OR ftOtJTlNG'-'clit thtofaf^ or'^ape a ^la-yer -of substrate with a 

'^milling (or routing)' bit, being- ccm^rfSdd* with thd i^ar^d y settings -and 
' '^mdvemeriy if th^ rfiiHinfe bUV One-^of ordmatf fldlHn^<ah&^^art willi*ecognizc 
■ ' ''''' '"ffiat^rcAiun^ ref^s'to c^fisrt^brshaping Witliblif beifife tbncemcd ^iWi dei)th or 
10 z control. 

" ^ ^^^ L^.i:.. c '^..> : ' ' ' - pj^^f -p ^<:rription ^of th e ^wt^ 

" ' ' kany' objects Wadvia^ apparent to 

"'^ ' ^ 'thosi oT ordihary 'skill' in 'tfii 4rt -wfieri -tKis 'ipfesaficAtioh' & riead'^rt ^'conjunction 
witri the atfacKed di^^^ like reference 'rtiirfier^^ atfC^^lied do like 

15 elements and wherein: 

: ''i t..; : ^^^^ ^r^.:a^ expired VieW'?)f the layets^^^^^tt^cdnstruGtca multi-tier 
" iaininate substfat^^fi'^cc^ invention; 
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' ' FIGv 2-is ^ -sectiOifalwiew^^of'tbe lay»:rs:.of nQ.sl .after being laminated 
together with a mUling bit shown that is used toimakei.a wiRdpw in the top of 
the laniinate substrate; 

HG. 3 is a sectional view of the layers of nCv-.l f^ter being laminated 
5 together with a laser shown that is used to make a window in the top of the 
•'•''■'•'\ lamiiiate substraiei' ' ■•'"-■•^^^ ' , 

no. 4 is a sectional view of layers of dielecrxij; which, are.psed to 
construct the laminate substrate of the present invention with layer, of film 
.'.a rnter^seii tfi*ftl«t»«c»^^. tfeatanujltipieiteyers of, dielectric- can be milled at the 
10 .' same time; ■•> -t:-;.;;;: ssn"'-m, >.M-r-' ivs..nt;;; 

. ■ '. »> -. - 'V 'Fie: j ij a se0cmal\vi5w.r^.ur»..teysi*:q.f: <a?l«^? between eaqh layer 

FIG 6 i8:i-ssctio6*vie>Kf©jrttne. \jm;^c9W9i-:\*^H 
the top has been made and with a milling bit shown that is used to make a 

•' ' i3 ''v\;^jn(i(j^ifU"a the bottom .. . •; 

FIG. 7 is a sectional view of the layers of FIG. 6 with an electronic 
.:.,r. ■■•jj^yi<^\v,re ■bbnded-ip-theMaminat^^ 
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y^- ' : FIG.^S-ik' a sectiorial' viaw, fan alternate .embodiment for the placement 
^' ^of an electh)hie device; n^v;r .ii,-.. ; 

FIG. 9 is a sectional view of yet another alternate embodiment for the 
^ ^ ^ * ^' lilacemeAt of an' electronic bevice; ; i ^ :.c' . - ;■ i 

5 ^ FIG. 10 is an exploded sectional view of the layer:^ used.tp.constnict a 
multi-tier laminate substrate in accordance with another embodiment of the 

^ • ^".'presentiriVentibivr-^'t* ' -iv lu.- 1:-^-?. :: / .^R 

: ^a ii ' >picf> l^i^s^'a SefelifeAial yiew^of^ the. layers ofr,FIG. LO >vith,an electronic 
device wire bonded to the laminate substrate; r.r '.i rr^. v C 

Hi fj^i r?- v • r.i :piiQ:;:^2 is'a'secfionaa v^^^ used :to; construct a multi-tier 

laminate substrate after being lalrainated together with -a nUiling^bit, shown that 
is used to make a window in the top of the laminate substrate in accordance 

• " ^ith^'anotiief fein^ ' 

FIG. 13 is t 'bbtt'orti plan: view; of the-^top layer ofrFIG, 12 before being 
15 laminated to the other layers; and 

FIG. 14 is a seetibrtai^view'of the layers of .FIG. 12 with an electronic 
device wire bonded to the laminate substrate. 



' ■ -The pvesent finvendon ;proyidcs - methpds fpr, producing cost-effective, 
. /hrgKpeiformance -packages for.sem substrates 
-bf the present iiwenticn.are usr^^for.paclcaging semiconductor, devices, such as 
5 diodes, transistors, and integrated circuits, to^orotept the .device from ^ 

environmental effects, to provide easy access :o the various parts of the device 

- ^ - by mwn^ 6f.a lead ^iJthiCtur^ attached 

tditJie restcf sy5tem^andito faciliute heat transfer^ out Jroni ^e device to 
/wv: the arnb:^nt•environment.^Ih^ been to 

10 ^J^'-increase device density^withoyv chip 
fii-;^ axea.^^Theife^h:gh(!eviceA^nsi^^^ improved 
-^packag^Eng^foT^:he5e.deviceSvl■ =iv,.^oj :-rj>: 'x-cr-iT*-: lo rtoLuih'.-r' 

K v-^ •ti fro<^uci«l frcn^^nulfeierjaininat^-s^^ ^^^^ 
i5 - excellenlipeifoOTari^^^^ 
o ^ariher: 1Ph^^ne±a^ls offthe.pre^p^,invenu^^ if o"ly ^ne 

- -package; wa3. :.^ifig-pr^^^ ^ 
^-'^^ -ordinary" skill in^:he^art.>yiU:recQgni^ ^sed in 

• - l^gei)knels.(e.g.),4''fcct^^ ???9>8l-^:^P^;-^S^:^^^f ^^^^y^ 

- 20 -^-^^feet) and that a4afge^:nurT^eT;,of:indiyid^ pa^^gei^ can be cutout of the large 
■ '••'-•'-panels (corhmonly^known <jyj,depaMm^)^for,,H^ ^« 

methods of the present invention can bemused ^ta produce ^ substrates thai 
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^ 7 ope embcKlimenuJaycjra,12-^ used 

to preverit the inner circuits on, core. 10 ?fncl irare .18^ from shorting out during 
operation. Layers 12 and 16 are preferably no-flow or low flow prepreg. 
r, i Btasically, they are a b- stage polymer meaning that the^^ , are substantially solid 
: 5 but hay^-not been fuUy cure?d_ or polymenzed. , apd 16 of dielectric 

essentially act as -an -ad^^^ the , layers together. Standard flow 

,prepreg ii, generally used jn jthe, art._ H^^ was dis<x>yered that no-flow 

- . . i; or low, flow prepreg. is partcul^^^ using standard flow 

prepregcrit is yery_ difficult to, prevent the,prepreg jwlym^ frpm flowing 

:10 : ,=, o.Gnto arjsaSi.that are r^uired .to be pxpos^ .as a finished substrate.^ Whereas, the 
' : q;; no-flovw or .lpw.flo>y^prepregjCQn^^^ ^the cpres and the circuits 

i uon .the coreS;;^vi^^^^ the ar^ that are to be exposed later while 

/still, offering the sanme thermal exnansion in the x-y-z directions as the standard 
-p iprr.fj si^er-^the LminatLon cyc'.e.^ While 3-staged adhesive coated on film can 
15 : , ::,be,us^, j^^^ flow, prepp;g is preferrexl b the b-siaged 

adhesive coated on film ^ does riot, haye^t^^^^^ as the core 

materials. 

r "i r , Gore 14 ?s,a;layer similar to.cores 10 and 18 that is used as a spacer 
; - n j ccrean one '?.mbodiment of ;tlie. present -invention as shown in FIG. 2. Windows 
20,M 22,^*24, and-26jin;layers,,:12, 46:^^^^^^ before all 

f • . r; of the layers are laminated together Jhe windows can be formed by a number 
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can 



■ pw^ckages/plasficieiuledchip&irife*^ 

■^^"^ p^fcfg^s/pkfaga-inconx^rafing'thttu^^^^ packages inccHporating 

-s,^^a$fahaV$. e«3''tUcev»i«|^ihe melhod^caa bcused to p^pduce «*« 

.■-■.! I'.. Ill -,1 ;...i-:t.v '1'- OJ 2'' i 3" " Ml.) 1'^! ,;.r. ■;;;'.» iiUlVdi-'O''.'.', J 

- • ■^6, t stoWTUi expteded'viWofthe lay era used >to.©roduce a multi- 

•' laA^ substiite te^Slcfebftl»cfe'V(ril»» one mjjodimwt sfc the piesent 

' ■ ^ l„venti(in;'^tdfi« iO^irtd V8 a^^ " 
• ''il^h'terti^^tii^fe eprixy:- Thescnalhinates ire hlgh'terapeiature laminate?.; 

W- coies'ro'ai>d1=8 ai-J pt^^'W^^ 

production of printed circuit boards. Trtte'^Q o.ihe top ot^^O and a trace 
(not shown) on the bottom of core 18 are part of an electrical circuit. The 
■ ■ ^ trai's'^aie ijhJdiced by 'Wli saridtod-photblithographic method of 

pii^^reslltSAg W^^^^ ImagiM the circuit 

'l~5 intone ^^tm^'^-D^iiiim 4«ia%chiflg-.me>eircmt into, the, surface. Then 
' " '^emoCirii%e^i&«'¥^ 

and ih^e wpiireSrWIS'afe'notfdMec^at^^^ be) so that 

*ey wili^lSl^'b^ diirh^ged durih^te^piboeS5'stet,s.-,, Mione^pfiordinary skill 
Mlrei:o^nize.'o'theflTieffi6d's^6'fpr«^ 
'^O"' "'exi^nple. x^ray^^^H -^^-beaW'Kth6g«^^^^^ 

VmeK»nsumiWpf*^s'ses" ' 
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• ' o'i- methods as' one of^^^^^^^^^^ ^However, it has 
' 'Veen discovered tliat two methbciy ire'iiarticularly adVantaigeouS:^ • 

.'! -. ■ ' pirst," the wiriabw^ caii be remoS/eil With a process of micronriachining or 

■ Lji;r-bas^''rnicrbmabliinihgr namely ablation there are generally «ree laser 
5 • options: COrbaied lasers wllh typlistf \*kVeIengths^of 10'.6'Mri»'. ^ultraviolet 

' 'excimer lasers 'with t^i^'WaVfelengths''M-'j^i)i^x nm; and 

• ' 'MVAG laiers berating it a wavei'eng^W-ijf%6' rim'.v'Preiferabiy. thfe ablation 

iechnique 'is'photbablatidri lisin an \jltraviblet;-iiig'h-p6«/<Sf fro^dency- 
qliadropli^''i^d-Y!kb-la&?' t6-*Wi^6ve the 'n^atdriai In thd'windoW as shown% 

10 '^I'cif i/^^'l^diYAdlaWr'lif i''^'^^^ 29 of 

' ' uitravioiet radiation' that reaits WlA' tertain' i*f^rias 'iii'a prcfcess'daJied 

iblative pKbtodecbm^ii'tibh."o"r''pi\dtbablafibh m N<i':YAG 'iater'27 has 

' " ''W^va^iugesove^{hW^e6rt^a2^W'^b^^ 

■ ' ""VitK^r tl^iji1SerAik/ihe rekui^if^ (hit'iJxlfekri' tod^ Surtouriding ^ ' 
15 material iViargelyu^ 

A second method consists of routing out windows in several layers of 
■ ' ' •nb-flowVlow'ftb^^l.rJ^^^^^^ a^Miling bi't. ^ Eiyers 28 of film can 

: be'interi«sed'b^tiveeri1nai;^iad^ oUSW flow^prepreg as 

" shown in FtC/it-: In anbth^V^b.A6'6ditrient-sho>^^ iriTltJl^'S multiple layefs or 

20 ■ ■plys^6'of'no^iiowbr IbW now p^e^Veg- can be' used together 'between layers 28 
of film. The number of layers or plys 30 of no-fiow or low flow prepreg 
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' r= between iayers 28- depends"* cn thellfacTai^^^ of dielermcthat is desired or 

required^^for use in the lamiiiatedr^utistrate. Typically, one, two or even three 
prepreg panels or plys 30 are placed between the layers of fiim 28. Therefore, 
' one stack can have multiple sections of one^ two' or even three panels of no- 
5 flow or low^flow prepreg between the layers'taf filnt ditring =joutingv> ; 

■ • yr :! rp>efenib]y<, :the'filnir28^islr^^^ separated 
^r-- : ' ^uithout damage/' aWith-the layers film bstv/een the layers 30 of no-flow 
' - prepreg', a milling bit :46:can Toe used^to make thetv;ir;<ows:iuThe;- film helps to 
^■y^ ^' prcvehc the'niilfegibitvfronTirbeccE^ clogge^owith'thc no^ilow prepreg as it 
10 heats up as a result of contact with the rotating bit. Likewisei film 28 helps to 
reduce the rough or jagged edges that are often produced and prevents layers 30 
: f . V of no-'flow br . low. ficw prepreg frosrtisdckmg (together;; Jhe film can be any of 
•;io Ai a^large'varicty dt mklerlaic cti..>t:7i'..Niucc idesLt^i characte-isjcf;. such as but not 
--i? '.y" r ulimited-lb": -:easy fsepsiaUon ^'of .the 'layers ^-of ab-f-ovv .pr^pre^i. :clean , edges 
• ^-L5-r^ i'kround tiie cul'i main'^ains .in me»:hanic<iliproperties:ai routing' terr.peratures 
: : v: <2b0ve4GK>?^C ^r u-et^l^ss ^tnnsftion temperature >o^ 

: :prefei^tbly-tK>lymsr-ba£ed; e ThiS'list is.Qnlyjillust0;.tiyQ;.ot desired 
* characteristics Oiat^tiie material can possess. ; Likewise, .the mateijial does not - 
: c -^ hiveHG possess- all <>f t^ charactenstics, -Some materials ^ thai .are known to 
■ -20 ' win-W'are pl&stic'sheetir^^^^ lamination release- film, polj-vinyl acetate, 

' -jwlyvinylfluoride filmland po^'estei; with acrylated epoxy 
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• ^ ' sold under the itradenarfie ?PAjCQTHAiNE"iir(ayail&ble frofri; the Paper Corp. of 
:.r^ the United States, Pacolhane dmfeiort, .-New i York, New Yor^ JQQlS). 

'> i i . In 6fne embodiment^, windows 22^ 24 and 26 are made sufficiently large 
to' expose TOds or bdndifingers 32 of trace 2G;ajid the trace on the. bottom of 
5 core 18 while substantially covering the remainder of the traces when the layers 
I -r : arc lairiinated together as shown iin. BIG. . 2.1 i;Bond fingersf32 are any number of 
''i* o bonding areas spaced around the die ca^dftyl^of the, package as requixed by the 
10 i t : delsign of the )package and i?ts associate electronic device a^ one pf .ordinary 
; :i^iskill in the art^AXrill recogrnizej TypAcal^^spacingiallows for bqnding-tp 4.0 mil 
*10'' ' die ■pad'-'pitchJi 1 ,:;ni.c:i'.'i ani ihiw t-:fJ-';A>'j :.v v " - ' '^'.i.r^i 

. J riH After the Svindows' and traces J)ave • been )fonne;d! the layers are pressed or 
M.o <ii isuwinate^ together tot fomclsnuhatqpijsdbs^ In one 

^ " ' embodimens; ^tfter liminated' substrate 34 : istibmed f plurftlity .ofcyA'as 36 are 
- made throughnhe:laiminate<i!sufastrkte; ) Theivias can J)© n>a<te byudrilling;*. Jaser 
151: ' ' iriicfbinachi^^ (as distus^vpreviibusiy) -or ethm method$ recognized by those 

'*oY ordinal^ skill in the^art; ^-Fhe size of*the^ias .yaries cjepending iOn design 
J' • requirements. - The via hole diameter can .range rfrom 2;mils^^,;3P rnils, but 
- •^ ' - more typically ^are 12:miLs.in idiameter> ) :33ie;yias and outside, surf of cores 
10 and 18 are copper plated iwith known t^hniques.ti Then.- out^id^ 40 
"20^ J and 38 of cores 10- and 18v-respettiyely, Jiaye U:^ces Torn A trace 

on outside surface 38 of core 18 having bond fmgers 42 and a trace (not 

/ . 19 
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.shown):cm.tfie,outside surface 1^^^^ ^0 are produced by the standard 
r r^,hotoUthographic method. of,photoresist^ of the surface of cores 

. : . .10,18. Imaging thescircuU^onto .^'l^?'^^^^^^ 
circuit. V. Then removing ..the pho , 

5 In one embodiment, to gain access to bond fingers 32 and the die cavity, 

an opening 44 is pnxiuced in core 18 by milling out the portion of the layer 
; o. .over,the,teQnd.fing«?s a!^,sh9\!^:^ P"^"«<* 

...'(although it^can be) until a^ter^e vias^are copper plat^ 32 
.^"e.fiptjdamaged prcpnt^lnsLt^ !.';.'l"T*.'° 
:10- -finge/s 32 from beipg,xtoaged <^^P^ °^]^y,'^'"5"S "f* Spacer core 14 
..>.T- . .i:s-o.f-.3umei<!nt thictaes?,tQ .cpm^^^^ °^ 
:r;,r.J.,: : .ntUling bit. andJo^,^^a^ons Aickness of the ot^^^ 
•v.-;t u„-.r!T:«pisal tejerances in.the z^irectioa for a mUling machine are ± 2 mils. 

:>.; sTypj<ad toleroices /lR.^^^ i^. * ,1^^.^; J^^"^°'^' 

■■ ^■.\5^ s<:ispacer;!^.yer,lA;wnMypi9al|y ^'l^*^"' 
i.i r^'"^^ irtecessan-, tfi compensate. Jor.vanaU^^^^^ t*!^ 

. vj'.^ ,In;pne;,epbo5iimen;.,^an 0^^ in core 1.0 to provide a 

location for an electronic device. Opening 48 is routed out of core 10 with 
■w.... r.:..r:rdUlno;(orircutmg),^it,46^^^o^v^ in Fiy. After openings 44 and 48 are 
-.=i.20K )formed.,solde^.«sist,is.aRpli^^jto laminated sub««te » dm 
.-c:. notte shorted by metallip^|jartkles o^ ^2 
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and 42'a^e gold pU^^^ 

'typically made to be krouna"6:f'h?^ S^ia4'b^^ mm^lorig toi aceommodate 
" ^'the naLS ends ofri^^^t^^i^^d'i^^^^^ som^ registration 

errors in the placement of the ^i^ir^'od th^'^btod fingerS, however;.^e bond 
5 fingers can be any size compatible with the size of the package and the bonding 
wires used. 

Aftir th^'bondWer^ havite-iyi«fiB*/-an^e6tronic device is 

attacii^to^5i;Umi^^^ubstrate;*^^trlinic d«*ice^O Isi typically a chip 

tiavin^'LT in^ried '§^^ §. ^^^^0^:^, but c^^be other active • 

'io' ' 'devices ^^^^ diodes /^^^s^ fef ^d, m^ <^ip«^r other f 

'"'"'■'devices"«n''l4'at.^^^^ 
""1;Ut^te^circuit^of SriJnil^ fee^is afiidfi&Kttf the lamii>ated substrate " 

^32 on'ol^e'^r of m^fi^i^ •» to bomi 

"' is' "finger ^^-^ 
" ;ypicaiy^25 mi:;r^mSr'di^i^r=^bia^ ^.one of ordinary skill 

in the art is aware various diameters and materials, such as aluminum or other 

' ^,;;taSs. can '^'^l^m'^iM^^'P-^^'^^- 

""""in one ;nibod?iiU • '^'^ ^feimd^td fhd l^ifingers using a . 
■"'20'' ^"the>^:noso;ic bo;u^ng'^;^K.ss^^^^^ (appn,ximately 
^' '"l50»C to 2M-C) and'tiit^^o^ic^ (ippH,ximat61y^60 to ^0 kHz) to obtain a good 
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mechajti;c;al bond and a^eiy-iovviresisc Jice elec;trical contact. An ; ultrasonic 
bonding process which uses just. iiltraso^ (approximately 60 .to 70 kHz) can 
also fae used. An'the thertnosohiciahtf ;svm^ types of bonding processes, the 
end of the wire becomes expanded to about two to three times ^it^S: original 
5 diameter; so the large bond fmgen are advantageous. After the electronic 
-^device hks*been ''attach laminated subsU*atencanvbe;:tised in a conventional 

liiastic package to'encapsukue-^il-ie'^ electronic ;d^^^^^ 55 can be 

" ' " attached to the- plastic ■package- with known ?met^^ and is particularly 

• 'advantageous to aid%convective heat transfer i:from , pie- packagp^^^ Heat sink 55 
10 *typii:aHy is adhesively attached to the:laminated substrate, jTne heat sink can 
" *''covei ■iubstantiall^^^^ surface(40 orLcant>)e, smaller and cover only pan of 
' stoace"40 dtp^ndir;g5on:t^^^ heat ; transfer requirements of, the- design. 

In another embodiment shown in FIG. 8 there is no opening 48, 
^^electrGnic dtvice SO is die attached to core.:;! C.^ In yet another embodiment 
15 ' ^-shbwn^in RG. 9] mstead of openi?i^A8;i,^vit^,-57 10 and 

''el«£tiibhic dev*c6 50 vixiie^attachfidj{o,;core-10 in <:a^^^^ r^^V.^^V 57 can be 
' chilled in^edre^^iO pncT'to lamination^of thes^ubstrate or after. 44 has 
-'^'been'madei-' 'I'-- i"^^- ^-vji-/ 'o *;..:;-;v^i/T. - r,- --.c-i:, - i . .< 

'-j' The^thickness of the^layersrand/orcc^^ can 
20 ; be varied greatly 'depending: on-^the design, requirements fpr^the laminated 
• '^substrate/ Typical' thicknesses for cores J generally^ range from 3 to 40 
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• ^-iiuls'/and. more tyi>icaUy are:zj»ut.5 «iilsvtl>ick. i.Qotc 14 geoerally ranges from 
■ ' ^-; ;'-'3''to' 10 mils, and more typicaUyni .about .4 inils thick. ,La.yeR!.i^2„and 16 
= ' •^^eiieraUyrange froJn 2 to S mils^in ihickness, 'and: mfire typically .arc about 3 
■^f'''i'inils'Ufidc. .i'od- - r- ic;,/..-. v- , o 

Ir.nodj , T" v .i: Jiigs'. 7'9-4ridsi4 are examples of 'twj*:tiw. laminated, substrates. FIG. 
- ^ ' il iS"ift exinple <iPasthtee'tierJamihatedi5ul5.st^ate., .L^inate^, -substrate 56 of 
FiG'.'ni iis'prbduciea bynsubstantially the-same ^>fc>e^s,.as Janjinate^; substrate 34 
-^' i;- -except tor ^the'addidDA df core.58 of .trighr>temperatur« laminate -(sufh as 
• - ■ d'^i^ 'paiylriii^e.=bismaeirfiidef.triaiene, high; temperature epoxy, etcO^^d layeq 60 of 
10' difelebtfid.' Fh one etnbddtmcim 'cbre;5&as prepared Jbr lamination-in the same, 
manner 'ktf 'cores IGTtod-- 18:iuch;that.a' trice -haYiJSftlJQiidifingers..62 is formed- 
thereon. 

^u:->'A<o fill .' ■■■ .0'.''^ ."ii .'■>/'■■!).'. :ii-.,'..i'>:0': -j-irticnA- ; ■ i: 

M-.: i. ,<.;n V or b'O^hicii^&^e thrfieiitier lajninatsd sutetr^:-of Ui 

' ' • Will noW be deicWbed' With^r«feFenee.to.-FIQS..lQ^and.Wo=;I^yer^^6^ is,a 
:d n.j5' : c^feie^tric^layer 'of ^e^^iamtf lhe..same;Eyrposes as layers 

■ 4hd ^6. '^C<>re '14-h-uSed-'-ascai5p core.toidesQribed al?pve,.to prevent 
bond fmgers 62 from being damaged or wiped off by the. milling, .bit. In one 
embodiment, window 64 is formed in core 58 and layer 60 before all of the 
'"^ ia^eri d^e iamVnkteff tog«hdr and is made efficiently: large to expose bond 

•2ti fihgg^'Si fef Mce 2& whi»e'*ubstantially •covering.the rejnajnder.of the^trace 

wh^n -fh^l:^ers ar'e.feAinated together «s ,^^^^ 24. 
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and 26 .in layers J.^, 16, and^.cp:f';.>45^e5pectively;fa^e also form.ed before all of 
; rthe layf;rs:.are laminated toge,ther-.] Wuijdows 22, 24, and 26 are made , 
sufficiently larg&'^torCxpo.se.ibond"f|ng!crs, 6^ substandally cpyerijig the 
. , i-vsmainder of the trace when the- layers- a^s lminated together as^ shojvn in FIG. 
: 5) 111; ':The windows can be, formed .by any of the methods previously discussed or 
, by.a vsjietyiof^othcrr.nierhqds^^^^^^^ of.oTdinar)^.^skiy.; in *J^e .art will 

: . : / Iii:qne .emt>pdime^tv-?fterrthe^^^ been formed, 

cores 10, 58 and layer 60 are pressed or laminated tog€;ihc,r ,(!^G. 1^0). These 
three layers are preferably laminated together first to ensure a good bond 

10 ^b.';;fwp;n^icore:10 and;laye^^^ i;^yer6p, and ;Cpre^_5?;, near .the bond fingers 

V' ?-r32;rS0 thatflhe ppjiel dpes-^^n^^^^ of the 

>^ ^--layers arp, pr^ss^ .G%l3mir.ated to^^ laminatod^substra^ shown 

;y>>7j :iin.EIGr U/:*;^?; :anpt^)er;emte b^.prjssed or 

.v^Ht. r b!3jriinatedr:togrrf>,f;r to^ forai-^lamjna^di: substrate 5^ 

J5: 3 jrMve?b?y5n^fonned;,nM-er^^^ JP™5^' 5^ one embodiment, 

: : h ov ^ 5i;plurd!tyi.of yias.^36:ar? zn0de;t':rocgh,rhe kminated^sybstr|j^^^ 

^pkted esi discussed aUoye.^:T^ surfaces, 40 ,and^ 38 of ^ 10 and 18, 

: . : : t :.respecdve|y,T;haye,>^^^ as 
:^ dis;:us3edvprevic.u3ly^ bncd \:c ^-n ■ ■ ■> 

20' - ' y-: To gain acc^s tO; bond fingers, 32; and ^6.2 in^t^e die , cavity, „,an opening 
= 44/is produced in eore43, , In one epibpdiment.. opening 44, is pr(xiuced by 
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' ' riulUnf 'out the'pordoh'of thfe iyfyef^oVfefr the' bond fingers as discussed 

pte^lbusly. Prefembly; 'opening is notprodu^ (although. U/caa be) until 
' ' - aftei- the vias'are copper plated ^k> tlkt'%dnd* fm^ arcnot damaged 

" '' or^Cx)ritarmYiatea/S^^^^ fingers 62 from being 

'5 " ' damaged or wii)ed off by tte miUing^bi* wHen^optehing 44 is produced. Spacer 
- tcytt 14 is St sufficlfent thibVcnfess tb^'cortripensat^ fef tble^rances in the; 2-direction 
of the milling bit and for variations in the thickness of the layers as discussed 
' ' abdve;' 'Dii^mng 44'^cah alfe be'^fomiea' By'^e 'micrbmachinin^g techniques 
^discu?;kada!&ve:^^ ' ' ' ■ - - .0: 

" ' ' el&tronic' device. Ih one efmbfodhH^iriti opening 4i8 Is routed but of core 10. with 

' M'Wsit {oiy:ed:the \!imittiisd m^ soi^Wat the traces 

' can' hot be shoftfaf by hieaiic pitiftJcle's ^dr^ijoiaeri iAdditionally^borid fingers 

f2', A2 mi 61 atfe'^oia plaf6a'v«th''standarrf ttehn^u*s;f^'A^ fingers 
• •'■■'hi'^d' teferr'pi'e'pare^riafi'^^^ thevlaminated substrate 

' ■ ' 'a2 <jiscio^^^^Vibusl/;' 'In orig embotfi^ 

' ' ''^iriPibf6nbed-ft'om'paas"'on'^l^^^^ pnme tier of 

the laminated substrate with wires 52, to bond fiiiigeS's-62i;Withiwires 66 on a 
20 second tier of the laminated substrate, and to bond fingers 42 on a third tier of 
fhe^l'a&timated4ib"strate-With'"^M ^ the bond: 

• ' fingers tising -'anf-df-- tiie^ffifettnosbMc, ■^erfhbcompression. >or. o^er- known 
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; techaiques discuvsed,.aboy the laminated substrate can be used in 

,-,y:. a conventional plastic package toenca^r^ulate the electronic devic^. Likewise, 
heat sink 55 can be attached to the plastic package with known methods and is 
psuticularly advantageous. to. aid jn convective heat transfer from the package. 
^5 , Electronic device 50 can also be attached directly to core 10 as discussed 

:c: V V. ..M = ,i]IGS, 12-14 illustrate ^another embodiment for producing a two tier 

, laminated; substrate>, kaminate^ FIG. 14 is produced by 

- v substantially the,;^same process. ^, laminate^ 34 except that clearance 

10 rir.g,20.^(FIG.,.13) in. core ,72. is us^^^ to protect bond 

fingers 32. In one embodiment, core 72 is prepared for lamination in the same 
M ;,.manne^^^^ prpipusly, with resp^t to 18 such that a 

. V trace .haying, bo?.d.pn^^ 42JSj:formed thereon. . However, core 72 is thicker 

.;. ^Sarif c<?re.48;Used ii>.j*e £arUer embod[iment so;^^^^ clearance ring 70 can be 
-15; h:.:: routed; into.the bottom, sui^ace of. core 72 before, all the layers are assembled 

--ir ii-tpgether,,, .,3:^^ ^ 

.-rO ^Clej^cc|nngri70, and ",th^ .additional thickness of core 72 are used as a 

: ' J.spacer (in:place<pf ppjrc 14)^tq prevent bond fmgers 32 from being damaged or 
.wiped.off; by:miUing bit46, ring is milled in 
>nm- ■•■ fa.path. that cprresponds.;© a path pver bond fingers 32 spaced around the die 
. .cavity^/periphery. Jhe cleaiance^png can be formed by a number of methods as 
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■ ' ' "one Of ordinal "si^ in'thS krt-^iif^^^ wi* a 

' ' iraiiing bit (or routing bit) so miV cbntroi''6ai>" be' ma^^ the z-direction. 



' ■' 'in one embodiment/'after the clearance ring and traces on the inner 

' " lasers have &n forn^ the cores and layers are pressed 'or laminated together 
5 to form laminated substrate 68 shown in FIG. 12. After laminated substrate 68 
is formed, a plurality of vias 36 are made and plated as described previously. 
' •lT«n''i^triy2uite'%'aiia' 38'i>f SSres' id^krt'd 72;Ves^tiVely. have traces 
fomed'uie'^inV A "tra« on' Outside- s^ifadfc 58 of ^cbre-72 havin^Trand fmgers 
42'£d 'a iric^'-(riot shoWny on 'thfe^butiibe iuVfaC^ core '10 ai=6 produced 
10 by the'suJiiiaifa'photdli^^^^ 

' ' " ' ^ To'gim access to'^ond 'fiVi^e'r^-*32'-in' tKe di^'=^i:avHyr=an <3pening 44 is 



pVoduced in a,r^'72. 'in d^he 'embb^imenf, bpenini 'W^i* ptbdiidfed by milUng 
" 'out the ^lion o'f&e'layer ovbi^tiife bdn'd hrig'erk^ b5>Wcing'miHi*,g bit 46 , 
' ■ ' along the iJath of'k^^'nrig' 70y P^^^^ is ^^ot produced 

15 (although it can be) until after the vias are copper plated so thaFbdhd fmgers 32 
are not damaged or contaminated. Clearance ring 70 is of sufficient depth that 
ope;iihg 44^caA''-be fome^^^ '° 
"' of'ite ^^Mng\^p^tt^'6h>Sk^^ v«y,:clearance ring 

'''^ • So can be useci'to i^rhij^nsite fiif WeranSesHrf Bife'ir^ditteUon ofrthe milling bit 

2^ ' a;id for variatfbniin y"ffifc^^^ 

' in,i,eWirect&nfb^'aikilW^h^ahineaf^ 
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thiclijieis'of 'the' fibres siit-¥''"4^rFiiis.'-^-Tfere^^ typically be about 

- - 4 to 6"mils thicker than previbMy' -tpsea core r8. The'^aminated subsdraie 68 is 
•'^''completed with tli'e attachment oV'air^tectr^ device as discussed- previously 
''^ ' ahd^prepared'for use in a coriveridbnal plasud'(>ac^k^ 

5 electronic deviccl Likewise, heat^sihk 55 caft 'ce attached^io -the plastic package 
- witK knowji nio^d^ xyi'is p^culiiiy advaniagfeous to'aid in convecdve heat 
'■ transfer \"/Gm tlit piickag^;*'^ -i- '^q -^^^ ■ ' : ■ 

The methods cf uSe present invention can be used to produce multi-tier 
laminated substrates such as those discussed. In addition, as one of ordinary 

10 skill in the art will recognize, an unlimited variety of substrates such as four 
tier, five tier, etc. can be produced with the methods cf the present invendon. 
In addition, different trace-producing methods can be used. Likewise, the steps 
of the present invendon can be varied in *Jieir chronological order. For 
example, the solder resist can be applied before routing the opening(s) in the 

15 ou:er core (and inner cores). The advantage of applying the solder mask before 
roudng the openings is that a curtain coating process can be used, which is a 
lower cost process. Other examples of variations include, but are not limited 
to: treating the exposed surfaces of the laminating layers before lamination, ^ 
such as gold plating the inner layer before lamination; black oxide treating of 

20 the copper, surfaces to promote adhesion to the dielectric; applying solder mask 
for other technical reasons; and many other mechanical surface treatments 
recognized by one of ordinary skill in the art. 
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; .1 ^-w The foregoing-has despirjt^ed.X^^^ and 
^ : modes of operaugn of the presen^^ijiyentipn. Howevpr, the invenfiqn should 
v;,M/;i , r>otl?e consmied as being ligiit^^tQ-^^th^, particular embodiments discussed. 

, ,Thu$^'jthe above-described.§mbcKiimejits should be regarded as illustrative rather 
'2A-3^Li^ .than restadctive^/ and >it should be appreciated that variations may be made other 
ir^fi 'r. than thoset (Si:scu5$e«i>bynWiorkers of ojdinsuy sldll ift tl)<?:a^ 

from the scope of the present invention as defined .tjjr the f(;^\ying claims. 

.i.f hii'. »fi-:^:'.. ^i*. ,j ^jiv; b:^';iji^-.?ir :>a ri-::': .i-ciu • A- r-^ '^"^ 

^r.'' : J L...: -r^? , ^iiVL^Ci/i- 1 ,*';'V(r;;.v?'.ii tJii'V .('•■j: ^'i^j : ji.*0 .1 

.(ui.'Kj't' ..-p.^^ ."U. -j to. Ir^aoip-, t.r^j •jf,.!5.i'.i :o; 
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TT^F TNVENTi nN=rL-ATrvfE'D: IS!: . 

1. A method for making multi-tier laminate substrates for electronic 
J V.:-.! ^ (ie^^ice packagiWg'^cibmprising theist^psipf:;. r-uui-.^, rf: 
■ Ki ^ ■'^providiiig a first laminating layer,- haying a trace. on a.fint^;Side and a 
5 second laminating layer having a trace on a. tot sid^; . - ■ ^ 

making a first window in a spacer laminating layer; 
. making' a ^second wrndgw; cpmjspQnd?ngjjU5. first window in at least 
'^"-'^ one 'layer ^fdieiectric; ij.o :v :-.<r''\:'i < vj.-'^'^r. 

making a third window; corresponding.to-the grst^.windgw^in at least one 

10 layer of dielectric; 

hn-y-- laniinating togetherc!Jie first; lurii.niating, fever second laminaung 
layWp the 'spaC(iMai^un?.tir.g ligyer • ;ar4,^.thj^. la^/ers.jpf ^ ,3^9^^^ ^ 

laminated substrate, wherein one layer of the dielectric is located between the 
trace 'b'^^ tb:e firs£ si of-the firshlanynadng a first side of the .spacer 

•13 ••^''^Iarhinii£ing^iay£^^ ^^^'e: laiyervohthe dklcym 3*^« ^" 

the first side of the second laminating iayer and a second side of the spacer 
''^^'''^'^^4aii^ihating'iay^^; -^i^ iibvrv^: / rrj;/:- i-j,{y^.y .•*;r > 
making via:3 through the laminated substrate; 

plaung the vias; 

-^20*' = ■''^'pi-odueirig trticesro^^^ laminating layer and a 

second side^ of ^tne-^seccncl rlaminaling^layer;; , . ... • ,. , 

•iEl ■ -Tv::;;; -'^^^^ a '^^s;^ opening in the f!;j:t Jaminating^a^ corresponding to the 

second window; and ' • v-;: :^ .-n = j 
:t 30 
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- treating exposed surfaces of tfiie ialmiifatkig layers. 
':<'^--^-- ■ i:-*- J?; : i^L :.frn ;i.»i:^^x/ . / 

2. The method of iGlainV?Kwherdriithe first.opening .is produced by 
' ^ nWiin'g ''the first liminatirtg llyenso as to not.damage th^f,tr4ce on the first side 
of the second lamihatJriglayer. . -.uvr^ - in. ..o-; 

K") -^; ^i^ '^^e' iWfeth6dof (^^ 

making a second opening in the second lannnaung layer , of .sufficient 
' s&'^to loiiStei^ el&fffeiiifc deViCfe therein^^niv/ j-'r i: yiv .... 

A.■^ry^ I h::^; . ^'the^ ntethbd OiihV 3 v^Ssereih ti:^ fj^t wj^ow, second 

' : '^^IJiiidow; tiufd^^iritiowi^ 

' '^'ib ' 5. ' rtiVdiOd ^Af'GMin ^rwherdn l^^^ 

wifiiic5w;^i?^ WltidtoW^^ 

6. The method of Claim I wherein the fif?t:Ppenir)g,is^produced by 
photoablation. -^'^^^^^^^'^ ^ ..^..ovi: ^-.-.^..n 

1 / '^lia-S iTittkod of-Glaim^l.'wherdn;.^e^treati^^^ compris^: 
15 solder masking (ifievdeslr^^exposed^tsi»^aGQSi; i^^^ , 

g;^!^ ^jjjatiAg^tfie'tr^s the:?ecQnjh5iderpf t^ie rfir^^ laminating layer 
and the first side of the second laminating layex. v. bniv; zm-^-^- 
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' 8l^f ''The 'method -of Glkim- 
r: : i^ider masking the idesired 'exposed surfaces before making ^the ■ first 
^ ojpeniiig;-'and r-,^.;. .U-U ^ '.r-^'-M' ^ 

gold plating the traces-bh the secohcfskle of the first laininating layer 
5 and the first side of the second laminating layer. . . ■ ^ c 

c.. I G r ; 9:;:.::; The'methbd-of Claim- -F'^^^ 

before lamination. • " '^^^ --^^ 

^' ' • . ;^ '^^101 ■^■■^ The m^diod'Of ^Hiafc' l^^ second 
window, and third \Cnndow a^^^ icgether. 

uioi'. - : o ^-i^: O'The^itietiibd^'cfGMn^ . ' ''^ 

making a fourth window ih'ti third laininating layer having 'tiaces on a 
'-"first^sideiand'a^s;^ /. -ruh'^/^j^;^ - 

wherein the Jthifd-lW.inating-ikyer iS' lo'^ b^tv/een theMayer of 
-i'-'- 'did'a:tfic cdhkctihg^ second laminating layer 

15 and a layer of dielectric contacting the second side of the spacer laminating i 
layer/- ^ ^v:f'./^^-A^ ■ > ^n- It;, 

• ' It! ' 7h%' method 'cjf'Olaifn^ 11' wherein -the thirds laininating layer, the 

thienri -are laminated together 

before forming the laminated substrate. 
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. ; 13. The methojd of GJainirjlj.wherein Jhe. first[opening, is made after 
j-.i,thejtjaces on. the second side of; the^(first laminating layer and the second side of 
the second laminating layer so that the traces on the first sidq of the first 
.JVi^! laminating teyer and ihehftr^ side of the second laminatingjlayey will be 
5 protected. ■ (crjf.u:- ji^oy^y • ''o -m- i-n . c,'>^; 

, ,^ 14. i ;..Ilie|neUiodioOClainvJii:^/he^^^^ laminating layer has 

traces on the first and second sides. ; ; i^i 

I iic-or.;? ; 15v::^^.ThQt'piethQ^ af eiaim^ ^e:di8le?:tric i^ -unsupported B- 

rv. staged fil,ni:Qri'pfepr€gl61^ ; /'/ .l u.^»/ 

10 16. :.^A' method, fp/ making; .n;tulti^deiK lwifi^ substriites for electnopic 

^ f. '; i'ldCVice packaging ^mpriS;iflg thfr:stepS,Qf;,: -r/; i.'/l ;*fi: -Ti 

providing a first laminating layeTr&ayirvg: ^^ ^ra9;^.o.nLA/irst s^e"^d a 
iusecondnlaminatifVg-^layjec:Mving-^ ..r*. . « 

if'Hl it'.u::ri ..maidngoan anntjlar,depre>siQn)incithe.fiFSi^fSide 

making a first window corresponding to die annular depression; in at 
least one layer of dielectric; 
/!L T.i :iiu::Aaminating,to&etti.eru-^he/first;:k^ second laminating 

: M layer, and ihe Jayer of dielectriq 4o. product; a..larainate4,su the 
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- • layer of dielectric is locateci.'t)etweesv .the) trace oa^the first side of the first 

laminating layer and the trace on the fk$£.$.id of the, second laii\inaUog layen 
making vias through the laminated substrate; 
plating the vias; v -f - : - i^;; \c b-.:.:.. , .:. 

5 J'^^'^ ^- ' producing- traces on avsecond side of the^:fifst;larnin^^ng.l^^^^ a 
second 'sideipf the second lammating,U^^^ [s n-, ^.MI -j-dj ci • 

making a first opening in the first laminating layer corresponding to the 
■ annular depression; -and r ; ;:\\: :^ b- u-.r? ^.aV 

treating expcsedi5;urfaces?pf Uie laininatijig Ja>^ers..,s 

10 17. The method of .Claim 16,/Jv,herein;U>e ajinulaur^depressipn is 

produced by milling. 
■■■'V 'i'-^r*.?:- -t? ::-.vr .r.r?s r-.i:?-'^ 'w n, .ulsiVj V, or, r 

-tsx 18.h i^cFhe^m^thod pf.Gli^rn 16.r.yhere^^ fir5t,,or>^ning is produced by 

milling the first laminating layer over the annular depression sq.i^. to not 
r. d iiamage tlie;Usce:cr..ihe firrtcsidf, pf^the 

15 19. The method of Claim 16 further comprising: 

: - r^:itukin^a.secbndf^opening:in;£hesep^ of sufficient 

size teatcat^ ar^ cItXuoniC;ri^^yi^^ .^^^^ 



'--i - - ' • 20:''-- The method/cf.Claim:?!?.: wherein ^e first vyindow and second 
opening are produced by photoablation. ...i; si 
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' I 21. The metliod of Glairh*^49^whCTein the first window and, second 
' -bfjSeniA'g are produced by routihg: - ' * - - - ^ . i 

22, The method of Claim 16 wherein the fifst opening is produced by 
* abia'tTng trie 'first lanrif nating- i^yeir bv6f the' annular depression so as to hot 

5 damage the trace on the first Mde 'of -the^'secdndJlaminating-j^^ , 

23. The method of Claim 16 wherein iheitreatin^ 'step; icp^rjprises: 
solder miskihg the" 'desired exposed ' surfaces-*/ \-r i j 

gold plating the traces on the second side of the first laminating layer 
^'and the^flht'iiae of tfi^'sea^ -f^ ^' Ci 

10 24. The method of Claim 16 wherein the treating step comprises: 

■ ^ .^^ ^^idei' lnastan'g^ the'dfesii^^i^^^ first 

■ 'op^irife;=^d^^^^^ ^ ^^v^' V '^^^^^ ^'-^^ ^-^-^^'f- ■ 

" ijfe^ting th6?^ Side-of^erftrst lammgting layer 

and the first side of the second laminating layer. 

s y^r K,;: r,> methwi of Oliim. 16^Ayhe^dn\^^^ the 

annular depression are made^More'kMitvating tJte l^^s;.feoge^er, ., 

• V V ; oi; -^i^-x^e meth'dd'o^tolai^ii 16f wte the treating step is performed 
before lamination, '■' - ■ ■> ■ ^ 
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; ^^27. .... The meth.9^l..pf Gaim^ 

.makinfi a second window ia a. third laminating layer having traces on a 

first side and a second side; and 

wherein the. third Jajmal^ .located between the layer of 

dielectric,cor^tacung the^9^ fimsWe secondlaminating layer 
and a layer of dielectric contacting the first side of the first laminating layer. 

28 The method of Claim 27 wherein the third laminating layer, the 
second laminating layer and the dielectric between them are laminated together 
before forming the laminated substrate. 



10 



29. The method of Claim 16 wherein the first opening are made after 
the traces on the second side of the first laminating layer and the second side of 
the second laminating layer so that the traces on the first side of the first 
laminating layer and the first side of the second laminating layer will be 
protected. 



15 30. The method of Claim 16 wherein the dielectric is unsupported B- 

staged film or prepreg film-coated with B-staged adhesive. 

31. A method for shaping no-flow or low fiow prepreg, comprising: 
routing at least two panels of no-flow or low flow prspreg with a film 
mterposed between the panels, wherein the film assists in preventing rough 
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edges on the panels creat^ by a bit^* m1)i^V^ung the panels from sticking 
together, and in preventing the't>it'from cloggifig with the prepreg. 



' " 32/'' The method of '6^^ 
..y A ''^^^^^^'^^ oh outside siitfaces bf the panels. > 

5 33, The method of Claim 32 wherein the panels of no-flow or low 

" ' ' ' ' floiv pr^reg'are c^^pris^ of at le^ Uo adjaciemt^ layers of no-flow or low 
flow prepreg. 
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